CERES-Consistent Cloud Property And Surface Temperature Climate Data Record Using AVHRR Data
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INTRODUCTION NOAA—'I 8 RETRIEVAL EXAMPLES AVHRR AND GEO CALIBRATION METHODOLOGY

One of the most pressing climate issues identified by the IPCC's Fourth Assessment is the need for a long- + 3 Calibration Methods, all independently referenced to Aqua-MODIS L

term analysis of cloud properties to better understand the impact of cloud radiative forcing on various ;;‘g,,,gzgg?;d(iz'gs'g:",;ffg;:’,ggl;,gg;‘ DB el e @i & QU0 cesm it ez i el
aspects of climate, especially surface temperature and its diurnal variation. To understand this radiative « Deep Convective Cloud Technique (DCC; Doelling et al. 2013)

forcing over long time periods, it is necessary to measure global cloud properties using a consistent set of :'S"g,;';:;gm;‘gg;f;;}:’;g:;‘;;3:;“:@;;;;‘321;‘,2;:;3;}‘;@ U
proven algorithms applied to a long-term record of consistently calibrated and quality-controlled satellite (Doelling et al. 2013

imager data. Knowing how clouds vary with climate change and how well climate models reproduce such

variability through modeled feedbacks is critical to understanding how well the models can predict climate.

+ IASI hyperspectral sensor use to account for spectral band differences for the IR channels
- Calibration of GEO sensors using the three methods above
« Use GEO provided space count offset
« Perform monthly calibration transfers to derive monthly gains
« Compute timeline trends from monthly gains
« Calibration of NOAA AVHRR sensors
« During MODIS timeframe
« Simultaneous nadir overpass (SNO) comparisons with MODIS establish standard gain trend
+ SNO method validated by invariant-site and DCC techniques, which extend the gain standard back in time
« Prior to MODIS timeframe
+ Use combination of invariant-site and DCC techniques referenced to Aqua-MODIS to determine gain trend

As part of the NOAA NCDC Climate Data Record (CDR) program, NASA LaRC is currently developing a
Thematic CDR (TCDR) consisting of cloud amount, phase, optical depth, effective particle size, height, and
temperature and surface skin temperature extending back to 1978 using data from the Advanced Very
High Resolution Radiometer (AVHRR) instrument. The TCDR will be consistent with cloud properties
derived from MODIS for the Clouds and Earth’s Radiant Energy System (CERES) program, though some
modifications to these algorithms will be required to operate on the 4 to 5-channel and lower spatial
resolution AVHRR Global Area Coverage (GAC) data. Stable and accurate visible channel calibration is
ensured through matching modern AVHRR data with Aqua MODIS using Simultaneous Nadir Overpasses
(SNOs). SNOs are used to validate relative calibrations based on spatially/temporally invariant desert/
polar scenes and deep convective clouds which can be applied to AVHRRs operating prior to the MODIS
era. This presentation will highlight progress to-date on this TCDR effort, emphasizing cloud detection and
retrievals from the NOAA-18 AVHRR and validation using NASA A-Train data.
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CLOUD MASK VALIDATION
AVHRR CDR PROJECT DESCRIPTION
NASALGRC AVHRR | and Cloudy
. Cloud Mask | AVHRR Pixel
Codts aliation Comcty
= Calibrate AVHRR 0.64, 0.87, and 1.6-um channels vs. CALIPSO Identified
= Calibrate GOES & SMS imager 0.65-um channels Polar Day Land 83.0%
= Generate CERES-like cloud climatology for the entire AVHRR data record Polar Day Water 7%
- Polar Night Land 727%
= Algorithms Polar Night Water 84.1%
= CERES MODIS cloud mask and retrieval algorithm adapted to operate using 5-channel AVHRR radiances (Minnis et al. 2008 and 2011) Mid-Lat Day Land. 87.4%
« Near Simultaneous Ray-Matched, Deep Convective Cloud, and invariant polar/desert site techniques used for calibration ;:':::: :‘:‘:“Wk::; :: fz
= Source Data Mid-Lat Night Water 89.8%
* 4 km AVHRR Global Area Coverage Data: 1978 - present Tropical Day Land 3%
+ SMS-1 & 2; GOES-1 thru present Tomon By | M
Tropical Night Land 86.0%
= SCIAMACHY spectral data (2004-2009) ‘Tropical Night Water 86.3%
= Ancillary Data CLOUD TOP HEIGHT VALIDATION
= NASA MERRA 3-D thermodynamic and ozone profiles at 42 vertical levels with surface fields, and snow/ice cover maps at a 0.5 x 0.66° IN NON-POLAR REGIONS
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= Cloud microphysical models for spherical water droplets and roughened ice crystals
= 10-minute spatial resolution land surface elevation, land and water maps, IGBP ecosystem, and surface emissivity also used in CERES Daytime
MODIS cloud retrievals
= D icall clear sky maps based on clear-sky AVHRR observations
= Deliverables
= Calibrated 0.63 & 0.86-um radiances for AVHRR and GEO instruments (calibration coefficients)
= Pixel level cloud mask, temperature, height, optical depth, effective particle size, water path, microphysical phase; surface skin
temperature, and spectral albedo N N
= Essential Climate Variables Addressed: Cloud properties and radiation budget Night-time
= Current/Expected User Communitles: GEWEX and GCM communities. Energy, aviation, and reinsurance industries
NEW CAPABILITIES  ApomionaL reatuges pamm e
+ Independent calibrations tied to the Aqua MODIS 0.63 and 0.86 pm channels i ﬂ“ a8 o}
DETECTION OF PENETRATING CONVECTIVE UPDRAFTS
Spatial gradients and thresholding of IR window + Methodology consistent with CERES Edition 4 MODIS retrievals from 2000~ Daytime
temperatures with MERRA tropopause temperature and onward
thermodynamic stability information used to identify active X i - N A
updrafts within deep convective storms. (Bedka et al. 2010) * Cloud property retrievals during both day and night (limited)
] + AVHRR navigation accurate to 1 km using global database of ground o
control points defined with visible and near-IR data (Khlopenkov et al. 2010) { N
Night-time
« Ice cloud phase functions derived via roughened hexagonal crystals which .
helps to improve optical depth and particle size retrievals in thin cirrus (Yang
et al. 2008) =3
+ Use of new regionally & seasonally dependent lapse rates for low cloud
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« Use 2-D Fourier transform to identify and eliminate striping across track in
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